Background-Why some individuals present to the ophthalmologist in the early stages of chronic glaucoma but others present with very advanced visual field loss is a question which has received little attention. This study is an attempt to identify some basic characteristics of people who present with late glaucoma. Methods-A retrospective case-control study by medical record review was employed. 100 cases and 100 controls were identified from the notes of patients presenting to Moorfields Eye Hospital glaucoma service between July 1993 and July 1995. Cases were defined as new patients presenting with absolute field loss within five degrees of fixation and a cup to disc ratio of greater than 0.8 in one or both eyes. Controls were new patients with no absolute field loss within 20 degrees in either eye, but otherwise typical glaucomatous field loss and a cup to disc ratio of greater than 0.5 or a diVerence of 0.2 or more between the discs. Results-The ethnic origin, sex, referral source, presenting IOP, and age of the subjects studied were independently associated with late presentation. An African Caribbean patient is estimated to be four and a half times more likely to attend with advanced field loss than a white (Br J Ophthalmol 1999;83:24-28) Despite extensive research and new treatments glaucoma remains a major cause of blindness in the developing and developed world. Risk factors for the development of glaucoma have been extensively investigated but those for glaucoma blindness have received little attention.
Despite extensive research and new treatments glaucoma remains a major cause of blindness in the developing and developed world. Risk factors for the development of glaucoma have been extensively investigated but those for glaucoma blindness have received little attention.
A number of workers have shown that patients who present with advanced glaucoma are at a substantial risk of blindness.
1-3 Grant and Burke found that eyes with a visual field defect at the start of treatment were more likely to progress to blindness than eyes in which treatment is started at the stage where there is no field loss (although whether all the patients in the second group had glaucoma is diYcult to ascertain). 1 Wilson et al looked at risk factors for rate of progression of glaucomatous visual field loss in 57 patients and found that initial visual field was the strongest determinant of rate of further visual field loss. 4 Patients in their study deteriorated 11.7 times faster in the more advanced eyes. Mikelburg et al measured scotoma mass of fields and compared them with the rate of subsequent decline. 5 They found that when scotoma mass was small (that is, early disease) rate of visual field loss was slow but when the scotoma mass was large, rapid linear progression of visual fields occurred. Miller and Karseras stated that, from their series, glaucoma is more benign in patients with considerable visual reserve. 6 These studies suggest that late presentation is a considerable risk factor for glaucoma blindness.
Patients and methods
All patients referred from the primary care clinic at Moorfields Eye Hospital to the glaucoma service between July 1993 and July 1995 who had not previously been diagnosed as having chronic glaucoma were identified. For simplicity, the first 100 consecutively identified cases and 100 controls that fitted the criteria were used. This study was a pilot, an objective of which was to provide estimates for use in sample size calculations in subsequent work.
Cases were defined as typical glaucomatous field loss within five degrees of fixation but beyond 30 degrees in one or both eyes. The glaucoma could be of any chronic type as long as field loss was present. There had to be at least two consecutive fields confirming loss and a cup to disc ratio of more than 0.8. The only exception to this was when the field loss was so advanced that field testing was not possible. Fields (Henson or Humphrey) were excluded if there were more than 20% fixation losses or false positives errors were more than 33%. 7 Controls had typical glaucomatous field loss but no absolute scotomas within 20 degrees of fixation in either eye (therefore there was no doubt as to their glaucoma status). The glaucoma could be of any chronic type as long as field loss was present. There had to be at least two consecutive fields confirming this loss and a cup to disc ratio of greater than 0.5 must be present or a diVerence of more than 0.2 must have been noted. Fields (Henson or Humphrey) were excluded if there were more than 20% fixation losses or false positives errors were more than 33%.
For each case and control the following information was extracted from the notes: (1) Basic data-age, sex, and ethnic origin. (2) Referral source of the patient-this was initially divided into four groups: (i) from optometrist with a presumptive diagnosis of glaucoma (ii) from an optometrist but with no mention of glaucoma in the referral letter (iii) From a general practitioner with a presumptive diagnosis of glaucoma (iv) From a general practitioner with no mention of glaucoma in the referral letter In practice, a more meaningful comparison was between those patients referred with a presumptive diagnosis of glaucoma from their optometrist and those who had come from other sources (that is, (ii), (iii), and (iv) combined). The data were analysed using STATA 8 to investigate the eVects of each study factor on the odds of being a late presenter. Estimates of the odds of being a late presenter with approximate 95% confidence intervals, by study factors were computed by logistic regression. In each case the first category of each study factor was used as a baseline, either because its selection appeared to give the most meaningful results or because it contained the greater number of observations and hence its choice favoured precision. Unadjusted and adjusted odds ratios are presented-adjustment being made for factors found to be statistically significant in the univariate models. A 2 test for trend was conducted to assess departure from linearity in the apparent trend of increasing odds of late presentation with increasing age. Table 1 shows the characteristics of the study population. The majority (73.5%) of patients were over 60 years and similar numbers of men and women were studied. More than half of the study patients were white (61%), 13.5% were African Caribbean, and 9% were Asian; 12.5% of the group did not have their ethnic origin recorded in their notes. The majority of patients (68%) had been referred to the hospital eye service by optometrists with a presumptive diagnosis of glaucoma. The remaining 32% had either come from their general practitioner or from their optometrist but without a diagnosis of glaucoma mentioned in the referral letter. A total of 41.5% of patients studied had a presenting IOP of greater than 31 mm Hg, only 7% had an IOP of less than 21 mm Hg at presentation. The most common glaucoma diagnosis made by the ophthalmologist was primary open angle glaucoma (POAG); 78% of the patients were diagnosed with POAG compared with 9% chronic angle closure (CACG), and 6% each of pseudoexfoliation (PXF) and normal tension glaucoma (NTG). Most patients (83%) had no other significant ocular pathology mentioned in the notes and 59.5% were generally in good health; 29% of the patients had a family history of glaucoma mentioned in their notes. Table 2 shows the estimated eVect of each study factor on late presentation. These data provide strong evidence of independent associations between late presentation and the age, These data provide little evidence of association between late presentation and any of the other factors studied, but this may well be a consequence of the low power associated with a pilot study of this size.
Results

Discussion
There have been a number of hospital based studies that have estimated the proportion of glaucoma patients who present with substantial visual field loss. Grant and Burke calculated that one third of the patients who had become blind from glaucoma had done so before they had sought medical attention for their eyes. 1 Elkington et al and Sheldrick et al gave respectively figures of 33% and 20% presenting late. 9 10 The West of Ireland population based study found that 10% of people with glaucoma were severely visually impaired at first examination. 11 It is of note that of these, only Grant and Burke's study included non-white patients and that their estimate of late presentation was greater than the other studies. Our data suggest that patients of African Caribbean origin are over four times more likely to present late than comparable white patients. There are a number of possible reasons for this including a more rapid disease progression, earlier onset of disease (which is also when glaucoma testing is less likely during routine sight testing), and poorer access/uptake of eye care services.
12-14
Our results provide strong evidence of an association between age and late presentation. The risk of late presentation appears to increase linearly with increasing age over 40 years. This seems plausible since both the prevalence and incidence of glaucoma rise with age-as does the incidence of blind registrations from glaucoma. 15 Other factors such as diYculties with mobility and social isolation can reduce access to sight (and therefore glaucoma) testing may also contribute to the later presentation.
In Britain, the optometrist plays a pivotal role in glaucoma detection. One study showed that 90% of glaucoma patients are referred to hospital on the basis of abnormal findings by an optometrist. 10 Our results estimate that a patient who has not been correctly referred to the hospital by an optometrist is over four times more likely to be a late presenter than a comparable patient who has. Patients referred from optometrists with a diagnosis of glaucoma are more likely to be in the earlier stages of the disease. This suggests that late presenters attend optometrists who do not test for glaucoma, or more probably, late presenters are people who tend not to go for regular sight tests.
We estimate that women are more likely to present in the early stages of glaucoma than men of similar age, presenting IOP, ethnic origin, and referral source. There is no firm evidence of a diVerence in the prevalence of glaucoma in men and women. 12 Glaucoma is not known to be a more rapidly progressive disease in men so the most plausible explanation for the earlier presentation of women is that their rate of sight testing (and general use of all preventative health services) is higher and this is supported by evidence from the General Household Survey. 16 Whether an individual presents late in the course of their glaucoma is likely to be a function of the rapidity of their visual field deterioration and the frequency of their sight tests. An individual with a rapid decline can lose significant field even with two yearly sight testsunless tested during an early, but detectable, phase of the disease. Conversely, an individual with a slowly declining field but who does not attend for sight testing for some years (or does not have a glaucoma examination during their sight tests) is at risk of late presentation for a diVerent reason.
Individuals with rapid field loss are likely to be those with higher IOPs. 2 The influence of rapidity of field loss on late presentation is thus supported by our study in that we estimate that patients with presenting IOPs of greater than 31 mm Hg are at greatest risk of late presentation. Further support for this is that patients with PXF and CACG appear at greater risk of late presentation, although the confidence intervals are wide reflecting the small numbers.
NTG might be expected to be associated with late presentation since detection relies on visual field analysis by the optometrist or recognition of suspicious discs rather than raised IOP. One survey showed perimetry was only performed by 10% of optometrists. 12 Our data do not support this, suggesting perhaps that visual field deterioration is slower in NTG patients than other types of glaucoma. It is important to treat the NTG data with some caution as the numbers are small.
Our data provide little evidence of any association between late presentation and other pathology-be it systemic or ocular. Patients with cataract do appear to be slightly, albeit not statistically, significantly at greater risk of late presentation but we would advise cautious interpretation since "significant" cataract was only defined as mention of lens opacity in the clinical notes and was thus highly subjective.
Family history is well recognised as a risk factor for glaucoma and one might well expect it to be protective against late presentation because of increased awareness of the condition and eligibility for free sight tests. Our data are consistent with a weak protective eVect although this was not statistically significantperhaps a reflection of recall bias.
There are a number of potential biases in the study, the first of which is that it relied on information taken from medical notes. In some cases this was incomplete-for example, the ethnic origin of the patient, and in others it may have been inaccurate-for example, systemic disease. Another potential bias in the study could have arisen because case/control status was decided from the notes before the other information was extracted, which may have influenced the subsequent collection of information. While plausible, consideration should be given as to whether these observed associations might be due to residual confounding or perhaps bias. While this study has enabled adjustment for several potential confounders, bias due to unmeasured confounders such as socioeconomic status cannot be excluded.
As mentioned above, late presentation is a function of rapidity of visual field loss and frequency of sight testing. It is not possible in this pilot study to assess the relative influence of these two determinants in the risk factors that have been isolated but in the prospective study currently being undertaken this will be possible. The prospective study will also remove the bias of medical record review and be able to look at a far greater range of potential risk factors.
Conclusions
These data provide strong evidence that the risk of a patient over 40 years with chronic glaucoma presenting to the hospital eye service with advanced visual field loss is independently associated with sex, age, ethnic origin, referral source, and presenting IOP. Certain subgroups of patients with glaucoma are likely to be at greater risk of permanent visual impairment.
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